Introduction
Birth weight is the single strongest predictor of infant survival. However, its position in the causal pathway is unclear. One determinant of birth weight is gestational age: as the fetus matures, it grows. Some of the association of weight with survival presumably reflects this maturation. There is additional variability in weight that is unexplained by gestational age. This second type of birth weight variability is also strongly related to infant sur- vival, but by biological mechanisms less well understood. The purpose of this paper is to separate mortality as related to gestational age from mortality as related to relative birth weight within fixed gestational age. In the process of such a separation, factors related to gestational age can be separated from other factors that contribute to perinatal mortality. This produces a picture of mortality that is different from the traditional weight-versus-age multivariate approach, a picture which may better reflect the underlying causal pathways.
tality as fetal deaths plus deaths in the first week of life. Total Figure 1 shows the distribution of birthweights in each stratum. Birthweight distributions between 38 and 46 weeks are almost exactly Gaussian. Below 38 weeks, two systematic deviations from the Gaussian emerge. First, as gestational age decreases there are increasing numbers of small babies in the lower tail of the distribution, outside the Gaussian. Many of these are presumably pathological conceptuses, including macerated stillbirths who stopped growing some time before delivery. (At 28 to 31 weeks, the distribution in the lower tail is obscured by the grouping of births less than 1000 g.) Second, there is an increasing number of relatively heavy births as gestational age decreases. This pattern has been frequently observed and is attributed to errors in measurement of gestational age.3'4 Gestational age defined by last menstrual period can be in error for at least two physiologic reasons: the estimated gestation length can be too short when bleeding in early pregnancy is mistaken for the last menstrual period, or too long when conception follows an extended follicular phase. The excess of heavier babies at early gestational ages is thought to represent babies whose recorded age is shorter than their true gestational age, and who therefore actually belong in one of the heavier distributions occurring at later gestations. There is presumably some misclassification of gestational age in every stratum, but the unequal distribution of births among the strata makes misclassification more apparent in some strata than in others. A small rate of misclassification among the large numbers of births around term would produce a considerable excess of heavy babies among the small numbers born into the preterm groups.
Deviations from the Gaussian distribution cause some difficulties in estimating parameters of the underlying Gaussian. A FORTRAN program has been developed to estimate these parameters in the presence of excess small births.S 6 (This program is available upon request.) The FORTRAN procedure was suitable for most gestational-age strata, but did not work well at gestations of less than 38 weeks owing to the excess ofheavy births. In those cases we have fit a Gaussian curve more approximately to the modal region of each distribution and extrapolated a standard deviation from later strata ( Figure 1 ). Parameters ofthe Gaussian distribution for each gestational age stratum are shown in Table 2 . Once parameters for each Gaussian were in hand, the mean and standard deviation for each gestational-age group were used to rescale birth weight to a z score. Weight-specific mortality rates for each group were also adjusted to the z scale in preparation for direct standardization. The choice of a distribution for the standard is not crucial. In general, the standard distribution should be similar to the actual distributions in the groups being analyzed. We chose a Gaussian distribution as our standard because it meets this criterion (Figure 1 ), but other distributions produce similar results. This standard distribution was applied to the weight-specific mortality rates for each gestational-age stratum. The risk of mortality for each gestational age was then expressed as a relative risk, with babies born at 40 weeks as the reference group.
Results
A strong gradient of risk was observed across gestational age after birth weights were adjusted to a z scale. Babies at the earliest stratum had a relative risk of 91 (Table 1) . Relative risks calculated by this method are similar to those for gestational age unadjusted for birth weight.
The same results are presented graphically in Figures 2 and 3 . First, weight-specific mortality rates for nine selected gestational-age strata are shown before adjustment to a z scale. (Mortality rates have been smoothed by grouping weight into 300-g categories.) These curves have the usual features of weightspecific mortality: rates are highest at the lowest birth weights, fall rapidly as birth weights increase, and then rise slightly at the highest birth weights. 7 At lower weights, mortality rates are similar across the various gestational age groups, whereas at higher weights the rates tend to diverge. This pattern changes with adjustment of the birth weight scale. Figure 3 shows the identical mortality curves after birth weight has been converted to thez scale. Curves that formerly converged at the lower weights are now separate and roughly parallel over the whole range ofbirth weights. The distance between any two curves in Figure 3 represents the log of the relative risk associated with the corresponding difference in gestational age. The adjusted relative risks in Table 1 summariz the differences between the lowest mortality curve (at 40 weeks) and each of the other mortality curves in Figure 3 . Figure 4 inverts the display to show perinatal mortality risk by gestational age for babies at given relaive birth weights. Thus, the top curve shows mortality rates for that high-risk group of babies who are four standard deviations below the mean weight for their gestational age. The nextto-bottom curve shows the mortality experience ofbabieswho are at the meanweight for their gestational age. Within each birth weight group there is a strong gradient of mortality riskwith gestational age, with the lowest risk occurring at 40 weeks.
Discussion
Growth is a natural part of the gestational maturation of the fetus. When we Birthweight (in grams FIGURE 2-Welght-specffic mortality rates for nine Ve stra of gestatonal ag.
refer here to "gestational age" we mean not merely age itself but the tightly correlated phenomena of growth and maturation. Gestational age is a major contributor to birth weight, but it is only one of several contributors. There is another set of factors, less well understood, that producesvariation in birth weight within each stratum of gestational age. Some authors attribute this variation entirely to the quality of fetal growth. We regard this interpretation as potentially misleading8 and prefer the more neutral description "relative weight at each gestational age." This expression is a generalized form of the clinical terms "small for gestational age"
or "large for gestational age." The usual analysis ofbirthweight and gestational age finds that most of the association with mortality is through birth weight. This was well illustrated by Susser, Marolla, and Fleiss, who reported that when gestational age and weight are analyzed simultaneously, birth weight accounts for 90% of thevariance ofperinatal mortality, whereas gestational age accounts for barely 5%. 9 Such conclusions are based on data in the form shown here in Figure 2 . Arranged in this way, the mortality curves at different gestational ages are nearly indistinguishable across the lowest birth weights (where rates are highest). For example, babies at 2250 g have a similar risk ofdeath whether their gestational age is 35 or 37 or 40 weeks (Figure 2 ). Although this analysis may seem to isolate the separate effects of gestational age and birth weight, it does not uncover the causal pathway. Susser and his colleagues were careful not to draw such conclusions, but these data have suggested to some that birth weight is fundamentally more important to survival than gestational age.'0 Ifwe compare babies of the same relative weight at each gestational age, a different picture emerges. Figure 3 shows mortality rates for babies at various relative weights (expressed as standard deviations from the mean at each gestational age). In effect, this compares all small-forgestational-age babies (or all averageweight babies, or all large-for-gestationalage babies) across different gestational ages. Actual comparison of small-for-gestational-age mortality risks across gestational-age strata shows the same strong effect of gestational age on mortality." 
is about two standard deviations below the mean, and at 40 weeks it is about three standard deviations below the mean. (See circled points on Figure 3 ). The similar mortality risk of these three babies is the result oftwo opposing trends: relative size is worse, and gestational age is better.
The usual analytic methods, in which 2250-gbabies are compared at different gestational ages, do not take into account the full benefit that would accrue to a preterm babyfrom extended gestation. Any strategy of prevention or intervention implicidy assumes that extended gestation is accompanied by fetal grwth, that is, that a fetus' ilada weight stays roughly the same as gestation advances. To measure the advantage of longer gestation, the survival of a 2250-g baby at 35 weeks should be compared with the survival of a baby who has grown at the expected rate in the interim. The parameters estimated for the Gaussian distributions ofweight at the earlier gestational ages are subject to judgment. Even so, the uncertainty regarding parameters used for z scales is not crucial to the conclusion. As an illustration, births at 35 weeks had a relative risk of 12, compared with births at 40 weeks. If we vary the mean of the Gaussian distrbution at 35 weeks by plus or minus 50 g, or the standard deviation by plus or minus 25 g, the relative risk for that stratum ranges from 11 to 13. Such a fluctuation is minor in comparison with the relative risk of 21 for 1 week earlier, or the relative risk of 6.4 for 1 week later.
More generally, the result here does not depend on a Gaussian distribution as the standard. Even a rectangular distribution produces nearly the same set of relative risks. This is because the mortality curves shown in Figure 3 are roughly parallel on the log scale, making the ratio of rates between any two gestational age groups approximately constant across the spectrum of birth weight. To the degree those ratios are constant, the choice of a distribution for standardization is inconsequential.12 The central requirement for the method of standardization used here is that all data be compared on a scale of relative birth weight (the z scale), rather than on a scale of absolute birth weight. This neglect may be due to a lack ofclarity about the role of gestational age in the causal pathway. We have shown that there are two strong and separable factors affecting perinatal survival. One is gestational age, and the other is relative birth weight at any given gestational age. A baby can benefit as much from an increase in gestational age as from an increase in its weight relative to the weights of others at the same gestational age. This benefit of additional weeks of gestational age tends to be obscured by the customary multivariate methods of "controlling" for birth weight. There is a fallacy in inferring causality from a highly predictive relationship in a statistical model. The dominance of birth weight when the ordinary analytic methods are used may have contributed to the current emphasis on low birth weight as a public health problem.14 Interventions aimed at increasing the size ofbabies may have little effect on perinatal mortality. Preterm delivery appears to be as worthy a target for public health intervention as low birth weight, and may be more amenable to change. El
